Importance: The inclusion of data about the presence of metastatic neck nodes with extracapsular spread (ECS) in the neck dissection improves the prognostic classification of patients with head and neck squamous cell carcinoma (HNSCC).
O
NE OF THE MOST IMPORtant prognostic factors in patients with head and neck squamous cell carcinoma (HNSCC) is the presence of metastatic nodes in the neck dissection.
1,2 Furthermore, pathological evidence of regional nodal metastases with extracapsular spread (ECS) has been associated with a significant decrease in survival and increased rates of regional recurrence and distant metastases. [3] [4] [5] Extracapsular spread is defined as extension of the tumor outside the lymph node capsule. There is evidence in the literature that patients who have nodal metastases with ECS (pNϩ/ECSϩ) have a worse prognosis than patients with a tumor limited to the lymph node (pNϩ/ ECSϪ). Dü nne et al 6 conducted a metaanalysis of 9 studies analyzing the prognostic significance of ECS in 2573 patients with HNSCC. They concluded that the presence of ECS in the neck dissections had a negative impact on survival, with a summarized odds ratio of 2.7 (95% CI, 2.2-3.4).
Despite the evidence concerning the prognostic capacity of the presence of nodes with ECS in the evaluation of neck dissections, the most recent edition of the TNM classification 7 did not incorporate ECS in the definition of regional pathological categories (pN) of the patients with HNSCC. The present study aimed to evaluate the prognostic capacity of ECS in a broad sample of patients, and to analyze the usefulness of including this informa-tion in the pathological classification of patients treated with a neck dissection.
METHODS
We performed a retrospective study based on prospectively collected information of patients with HNSCC treated in our center and included in a database since 1985. 8 A total of 1230 patients who had an HNSCC located in the oral cavity, oropharynx, hypopharynx, or larynx, and those with a neck metastasis with an unknown primary, diagnosed from 1985 through 2007, and treated with a unilateral or bilateral neck dissection were initially included in the study. We excluded 27 patients who did not have a minimum follow-up of 3 years and 13 patients for whom the database did not include appropriate information about the pathological results of the neck dissection. Table 1 shows the characteristics of the 1190 patients included in the study.
Information was available for all patients concerning the type of neck dissection (unilateral or bilateral), the number of nodes dissected, the number of positive nodes, and the number of nodes with ECS. An ECS was defined as a breach in the nodal capsule by tumor. The pathological report of the neck dissections in our center did not include information about the microscopic or macroscopic character of the ECS.
A total of 1741 neck dissections were performed in the patients included in the study. A total of 639 patients (53.7%) had a unilateral neck dissection, and 551 patients (46.3%) had bilateral neck dissections. In patients treated with bilateral neck dissections, results were analyzed adding the neck nodes dissected on both sides of the neck. The mean (SD) number of nodes studied per patient was 31.6 (18.6) (range, 7-118).
A total of 706 patients (59.3%) had postoperative adjuvant treatment with radiotherapy (n = 674) or chemoradiotherapy (n = 32). The indications for adjuvant treatment were maintained throughout the study period. Patients considered candidates to adjuvant treatment were those with a local (pT3-T4) or regional (pN2-N3) advanced tumor, microscopically involved surgical margins, or nodes with ECS. Postoperative radiotherapy was delivered in 2 Gy fractions to a total of 50 Gy in 5 weeks directed to both the primary site and the neck. In cases with ECS, a boost of up to 60 to 65 Gy was administered over the compromised areas. After 2000, patients with an ECS received 2 or 3 cycles of cisplatin at a dose of 80 to 100 mg/m 2 concomitantly with the radiotherapy.
In 163 cases (14%) the neck dissections were performed after a previous treatment with radiotherapy (n = 114) or chemoradiotherapy (n = 49). The neck dissections were performed 6 to 10 weeks after treatment with radiotherapy or chemoradiotherapy (median, 8.5 weeks). There were significant differences in regional extension of the disease in the function of the treatment. The percentage of patients with advanced neck disease (N2-N3) treated only with a neck dissection was 14.0% (321), for patients treated with neck dissection and postoperative radiotherapy the percentage was 47.3% (706), and for patients in whom neck dissection was performed after a previous treatment with radiotherapy or chemoradiotherapy it was 71.1% (16) (P Ͻ .001).
Patients were classified according to a recursive partitioning analysis (RPA) method, considering death as a consequence of the HNSCC tumor as the dependent variable and pN category, and presence and number of neck nodes with ECS as the independent variables. The RPA splits data into segments that are as homogeneous as possible with respect to the dependent variable.
We used the Kaplan-Meier method to calculate the adjusted survival and the local, regional, and distant metastasesfree survival according to the pN category and the RPA classification. Differences in survival were compared using the log-rank test. The hazard ratio considering the adjusted survival as the dependent variable was calculated using the Cox proportional hazards model.
To compare pTNM and RPA classification methods, we used the measures of hazard discrimination and balance following the criteria as defined by Groome et al. 9 Hazard discrimination measures how evenly the survival curves are spaced for each of the classification categories and how large the difference in survival is between the best and the worst categories. The hazard discrimination ranges from 0 to 1, where 1 represents an ideal classification with a full coverage of the survival area by evenly spaced curves. Balance quantifies the distribution of the number of patients for the classification scheme in each category. The higher the balance, the better the classification system.
RESULTS
Five-year adjusted survival for all the patients was 63.8% (95% CI, 60.3%-67.8%). Figure 1 shows the adjusted survival in relation to neck disease. Five-year adjusted survival for patients without metastatic nodes in the neck dissection (pN0) was 85.5% (95% CI, 82.4%-88.8%), for patients with neck node metastases without ECS (pNϩ/ ECSϪ) it was 62.5% (95% CI, 56.6%-68.4%), and for patients with neck node metastases with ECS (pNϩ/ ECSϩ) it was 29.9% (95% CI, 24.2%-35.6%). There were significant differences in survival between patients with pN0 lesions and those with pNϩ/ECSϪ lesions (P Ͻ .001), and between patients with pNϩ/ECSϪ lesions and those with pNϩ/ECSϩ lesions (P Ͻ .001). Table 2 shows 5-year adjusted survival according to the status of the neck in function of the treatment. The differences were significant irrespective of the type of treatment provided.
Considering death as a consequence of the HNSCC tumor as the dependent variable, the classification tree obtained with the RPA method identified the number of nodes with ECS as the first splitting variable and the pN category as the second. A total of 5 terminal nodes were obtained using this classification method (Figure 2) . Owing to the similar prognosis between node 2 (patients with pNϩ/ECSϪ) and node 3 (patients with pN1/ ECSϩ), both nodes were grouped into 1 category. Table 3 shows the categories defined with the RPAderived classification system. Table 4 shows the 5-year adjusted survival and the values of the corresponding hazard ratio as a function of the pTNM-or RPA-derived classification systems. Figure 3 shows the adjusted survival as a function of the pN-and RPA-derived classification systems. The RPAderived classification had a better prognostic capacity than the pTNM classification. According to the pTNM classification, the adjusted survival for patients with pN2 lesions was very similar to that for patients with pN3 lesions, and the difference in survival between the best (pN0) and the worst categories (pN3) was 56.6%. The RPA-derived classification achieved a more even distribution of the survival curves, and a larger difference in survival between the best (category I) and worst categories (category IV), reaching 69.3%. Table 5 shows the results of the objective comparison of both classification systems. In accordance with the results, the RPA method achieved the best values regarding both the heterogeneity in survival between categories (hazard discrimination), and distribution of cases between categories (balance). Table 6 shows the 5-year survival free of local, regional, and distant disease as a function of the pTNMand RPA-derived classification. We found a more even distribution of the survival rates and a greater difference between the best and worst categories with the RPAderived system than with the pTNM classification.
DISCUSSION
The results obtained in the present study showed that information about the presence of neck nodes with ECS in the neck dissection improved the prognostic classification of patients with HNSCC in relation to the pathological pTNM classification. We propose a new pathological classification that incorporates information about the presence and number of metastatic nodes with ECS (Table 3) . According to the seventh edition of the TNM Classification of Malignant Tumours, 7 the objectives of a staging system are to aid in the planning of treatment, to give prognostic information, to assist in the evaluation of the results of treatment, to facilitate the exchange of information, and to contribute to the investigation. Including variables with a high prognostic capacity in the classification system should contribute to the attainment of these objectives.
The presence of metastatic neck nodes with ECS in the neck dissection implies a more aggressive biological behavior of the tumor. 10 In multivariate analyses performed in large series of patients, the presence of nodes with ECS was an important prognostic factor in relation to regional failure, appearance of distant metastases, and adjusted survival.
11-15 Table 7 shows the results obtained by several authors comparing the survival of patients with pNϩ lesions in the function of the presence of nodes with ECS in the neck dissection. Most authors found that the appearance of nodes with ECS significantly worsened prognosis in relation to patients with metastatic neck nodes but without ECS. In only 2 series were there no significant differences in survival in relation to the presence of ECS in the neck dissection. One of these studies evaluated patients with a clinically negative neck that had occult metastases in the neck dissection (cN0/pNϩ). 22 It is possible that the low tumor volume in these patients could explain the lack of prognostic capacity of the ECS. In another study, the survival rates for the group of patients with pNϩ/ECSϩ lesions were lower than for those with pNϩ/ECSϪ lesions, but the difference was not statistically significant. 23 The authors justified the absence of significant differences in survival by the systematic use of a boost with electrons given to the neck areas with ECS. Despite the prognostic value of the ECS, to date it has not been incorporated into the pathological classification criteria of the pTNM. 7 According to our results using the RPA-derived classification, the variable with the most prognostic value was the number of metastatic nodes with ECS. This finding agrees with results found by several other authors regarding a significant relationship between the number of nodes with ECS and prognosis. 4, 31, 32 In the group of patients without ECS, the RPA model found significant differences in survival in relation to the presence of metastatic nodes (pN0 vs pNϩ). In patients with 1 metastatic node with ECS, the model found significant differences related to the size and number of positive nodes (pN1 vs pN2-3). Because the adjusted survival for patients with pNϩ/ECSϪ lesions and those with pN1/ECSϩ lesions was very similar, these patients were grouped in the same category. Finally, patients with more than 1 metastatic node with ECS had the worst prognosis, and they were grouped in another category.
In an objective comparison between classifications, both the heterogeneity in survival rates between categories (hazard discrimination), and the distribution of cases between categories (balance) were better with the RPA-derived system than with the pTNM classification system.
One of the drawbacks of the proposed RPA-derived system is that it requires an accurate description of ECS, if present. Given the prognostic significance of the ECS, we consider that the pathological report concerning surgical neck dissections must include this information. In our opinion, the increased complexity of the proposed system would be outweighed by the benefits in the prognostic capacity.
From the results obtained in clinical trials, 33, 34 both patients with advanced regional disease (N2-N3) and patients with metastatic nodes with ECS are candidates for adjuvant treatment with concomitant chemoradiotherapy. Clinical guidelines consider the convenience of adjuvant treatment with chemoradiotherapy for patients with more than 1 positive neck node, irrespective of the size or presence of ECS, or for patients with only 1 posi- tive neck node smaller than 3 cm (pT1) but with ECS. According to our results, these patients had only a moderate risk of failure in comparison with patients with more advanced regional disease (Figure 2 ). For those patients with more than 1 metastatic neck node but without ECS (pN2-3/ECSϪ) or with only a small positive node with ECS (pN1/ ECSϩ), it would be reasonable to consider only an adjuvant treatment with postoperative radiotherapy. Postoperative chemoradiotherapy could be reserved for patients with more advanced regional disease. Using the proposed RPA-derived classification system would allow more accurate postoperative treatment than with pTNM classification, thereby decreasing morbidity and economic costs in a determined group of patients. Gospodarowicz et al 35 established that any changes to the TNM classification must have clinical relevance in terms of assessment, treatment, and outcome and must improve the prognostic capacity of the classification system. According to our results, the inclusion of the information given by the presence of metastatic nodes with ECS in patients treated with a neck dissection improves the prognostic capacity of the pTNM classification and is worthy of consideration in future reviews of the TNM classification. 
